Objective The aim of the study was to assess the effect of individual metallic elements within experimental Au-Pt-based dental alloys for porcelain veneering on ion release.
Introduction
Porcelain-fused-to-metal (PFM) restorations are widely used in dentistry because of their excellent clinical properties. Gold alloys for PFM restorations contain small amounts of oxide-forming elements such as In, Sn, Fe and Zn. Oxide layers, formed during the degassing process, are known to improve the bond strength between the metallic frame and the veneering porcelain (1) . Although much of the metallic frame is covered with veneering porcelain it is usual for a small collar of alloy to be left uncovered. This is usually highly polished and partially sub-gingival. It is therefore in contact with the tissue and is also open to attack from oral fluids.
Metal ions released from dental alloys interact with metabolic pathways and cell structures causing damage (2) . Cation release can provide inflammatory reactions and may modulate the immune response by activation or inhibition of T-and B-cells (3) . These responses can be in the form of oral mucositis, gingivitis/periodontitis and alveolar bone resorption (2) .
The UK adverse reactions reporting project (4) showed that reactions to precious metals accounted for about 5% of the reactions caused by metals and the number of allergic causes attributed to metals appears to be small. Another study (5) found that in not more than 10% of patients was allergy diagnosed as contributing to a complaint or symptom. However, metal components from almost all cast dental alloys can be detected in adjacent tissue (6) .
The single most important property of a dental casting alloy to its biological safety is its corrosion potential (7). Multiple phase alloys increase the risk of elemental release (7) . Labile elements within dental alloys have been found to be more likely to be released regardless of the alloy composition with elements such as Zn being more labile than Au (7, 8) . Other work has found that ion release is not generally correlated with the concentration of the individual metal in the alloy or the nobility of the alloy (9) .
Most of the alloys used for metal-ceramic systems are high Au and Pd-free alloys based on ternary systems of Au (80-86%), Pt (10-15%) and In (1-2%) (10).
Good biocompatibility is obtained by the inclusion of the two high content noble metal elements (Au and Pt) and strength by the In elements (10) . Palladium-based alloys have been found to have side effects such as allergies (11) . Many case reports exist describing Pd sensitivity and recovery after removal of dental restorations (12) .
Further, because Pd-containing dental alloys have been identified as a possible source of sensitization, the public should be protected from possible adverse effects by minimizing the use of Pd-containing alloys or the release of Pd from alloys (12) .
When looking at the elements to be investigated in this study only Zn and In have been cited in the literature as causing adverse reactions to oral mucosa (13, 14, 15) Therefore, we are attempting to develop new Pd-free Au-Pt-based high noble dental alloys for PFM restorations to avoid possible side effects caused by Pd. To make clear the effects of the inclusion of oxide-forming elements, In/Fe/Sn/Zn, on various properties of the above-mentioned Pd-free PFM alloys, we are performing systematic studies including optical properties of a series of experimental alloys (16, 17) .
The aim of the current study was to assess the effect of individual oxideforming metallic elements added to experimental Au-Pt-based porcelain-fused-tometal (PFM) alloys on ion release. The hypothesis being that the oxide-forming elements will show more ion release when compared to the Au-Pt precious metal elements and that the oxide-forming elements would show varying degrees of ion release when compared to each other.
Materials and Methods

Sample preparation
The compositions of alloys are either expressed as weight percentage (wt%) or atomic percentage (at%). Although wt% is the more commonly used description, biological and chemical properties are best understood by knowing the at% as it better predicts the number of atoms available to be released and affect the body (7, 18) . Therefore, All the experimental alloys were prepared from high-purity component metals (Ishifuku Metal Industry Co., Ltd., Tokyo, Japan). Appropriate amounts of component pure metals were melted in a high-frequency induction furnace and the ingots obtained were subjected to cold rolling and homogenizing heat-treatments at high temperatures using exactly the same processes used to produce commercial dental alloys. A number of plate samples with size 10X10X0.5 mm 3 were obtained.
The analyzed composition in atomic percentage of the twelve alloys used in the study can be seen in Table 1 . A commercially produced Au-Pt-based alloy BiOcclus 4 ® (DeguDent GmbH, Postfash 1364 63403 Hanau, Germany) was used as a control.
All twelve alloys were then lost wax cast into square plates 10X10X0.5 mm 3 and ground smooth. Two samples of each of the alloys were tested. The pieces of alloy were put through the oxidising, opaque and main porcelain firing cycles as would normally be performed during a metal-ceramic restoration construction. All the square plates were then polished to a clinically acceptable state on both sides and on the edges using fine stones (Meisinger, Germany), rubber wheels (Identoflex AG, (19, 20) .
The results were analysed using two-way analysis of variance (ANOVA) at the 95% confidence level (P = 0.05). The Newmans-Kuel multiple comparison summary was used to indicate significant differences. Individual comparisons were analysed by using a paired t-test. In the current study, we focused our attention on the amounts of base-metal ions released from the experimental alloys into the test solutions. Therefore, the results for Au and Pt ions were not presented in graphs. Table 3 shows the details of elemental ion release in the three solutions used and which individual elemental comparisons showed significant differences.
Discussion
This work does agree with the findings of others that the elements more commonly associated with non-precious alloys (Fe and Zn) are the ones more susceptible to ion release compared to those more commonly found in precious or noble alloys (In and Sn). This could be explained by the fact that the non-precious alloys tend to be more heterogeneous in nature than the precious or noble alloys and show increased corrosion rates than the precious and noble alloys (21, 22, 23) .
To try to explain the observed order of metal ion release found in this study . This implies that the test solution is more sensitive to a base-metal element than their concentrations. This agrees with a previous report by Wataha et al (9) .
Conclusions
Within the limitations of the study, only 2 test pieces per alloy being available for testing, the following conclusions were made:
• The oxide-forming base metal elements showed significantly more ion release than the precious or noble metal elements.
• When looking at the individual elemental ion release, the order of the amount of dissolved ions was Fe>Zn>In>Sn.
• Fe showed significantly higher levels of ion release than the other base metal elements (Zn, In, Sn) for all three testing conditions (P<0.05).
• When looking at the effects of test solution on ion release from the alloys, Sprite Light ® caused significantly higher level of ion release than deionised water for Fe and Zn elements.
• Sn and In elements showed less ion release than the Fe and Zn elements. The absolute amount of Fe ions released from the ternary and quaternary Au-Pt-based noble alloys tested in the study when immersed in deionised water followed by Sprite Light  (SL) for 5 minutes or 2 hours.
Figure 2
The absolute amount of Zn ions released from the ternary and quaternary Au-Pt-based noble alloys tested in the study when immersed in deionised water followed by Sprite Light  (SL) for 5 minutes or 2 hours.
Figure 3
The absolute amount of In ions released from the ternary and quaternary Au-Pt-based noble alloys tested in the study when immersed in deionised water followed by Sprite Light  (SL) for 5 minutes or 2 hours.
Figure 4
The absolute amount of Sn ions released from the ternary and quaternary Au-Pt-based noble alloys tested in the study when immersed in deionised water followed by Sprite Light  (SL) for 5 minutes or 2 hours. Table 1 The chemical composition (at%) of the 12 Au-Pt-based noble alloys used in the study. Table 2 Inductively coupled plasma-mass spectrometry detection limits for the individual elements used in the 12 alloys used in the study. Table 3 The individual elemental comparisons after immersion in deionised water followed by Sprite Light  for 5 minutes or 2 hours.
Significant differences were seen between the following elements (P=<0.05):
Deionised water: j-adgmpsv, m-adgpsv, p-dgsv, g-adsv.
Sprite Light  5 minutes: k-behnqtw, n-behqtw, h-betw, q-betw.
Sprite Light  2 hours: l-cfiorux, o-cfirux, i-cfrux, c-rux, f-rux, r-ux. 
